
Cranes differ physiologically from the 
m o re commonly studied avian species by
exhibiting an incomplete annual molt , 
l ow re p ro d u c t i v e rate , and d e l a yed sexual

m a t u ri t y . Cranes appear to be especially s u s c e p t i b l e
to stre s s f rom physical and behavioral disturbance,
unfamiliar territories, and disease. Although mature
cranes normally re p roduce annually, they may
experience one or more years of reduced pro d u c t i v i t y
a p p a rently due to stress (Mirande et al.     u n p u b l . ) .
Un f o rt u n a t e l y, little is known specifically about crane
re p ro d u c t i ve physiology; what little we do know
indicates that cranes function like other bird s .

In some ways most birds, including cranes, can
tolerate environmental insults better than mammals.
For example, some foods which are toxic to mammals
p rovide good nutrition for birds. Bre a k d own pro d u c t s
of food absorbed from the intestines are shunted
t h rough the liver and kidneys where t oxic pro d u c t s
a re re m ove d b e f o re reaching the general circ u l a t i o n
( St u rkie    ,    ; Duke    ). In another are a ,
although cranes have long, exposed legs, they can
withstand cold extremes by using counter curre n t
c i rc u l a t i o n in the tibiotarsus to conserve body heat
and pre vent hypothermia by warming blood re t u r n i n g
f ro mt h ef e e t (W h i t t ow    ) . Un l i k em a m m a l s ,c r a n e s
(and all other birds) are better adapted to stave off
d e h ydration because they exc rete nitrogenous wastes
as semi-solid u r a t e s instead of urea. This mechanism
c o n s e rves body water that would be re q u i red to carry
away the urea (Grimminger and Scanes    ) .

Cranes and swans possess a unique anatomical
f e a t u re; the trachea is coiled and posteriorly e m b e d-
d e d in the bony mass of the sternum (Pe t t i n g i l l
   ). The amount of tracheal coiling varies by
species with the Gray Crowned Crane possessing the
least coiled and the Japanese Crane the most highly
coiled trachea. Some authors relate the coiled and
elongated trachea to sound amplification, other
authors believe it decreases skeletal mass, and still
others relate it to thermoregulation (Prange et al.
   ; Gaunt et al.    ) .

In the following, we emphasize crane physiology.
The re f e rences in Table . p rovide additional details
on avian physiology.

Re p ro d u c t i o n
Cranes generally mate for life (Walkinshaw    ), 
but they do replace mates that die and some mate
swapping has been re p o rted (Littlefield    ; E. Ku y t ,
De p a rtment of En v i ronment, Edmonton, Canada,
personal communication). Cranes begin laying when
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Avian physiology references.

To p i c Re f e re n c e

En v i ronmental, ecological Farner et al.    

General, molt Farner et al.    

Light, photore f r a c t o r i n e s s Farner et al.    

Incubation, domestic fow l Landauer    

Mo l t Lucas and St e t t e n h e i m
   a,    b

Re p roduction, behavior Lofts and Mu rton    

General, light, re p ro d u c t i o n Marshall    

Season, re p roduction, migration Marshall    a,    b

En d a n g e red species Ma rtin    

Re p ro d u c t i ve cyc l e s Mu rton and We s t w o o d
   

Re p ro d u c t i ve anatomy and Na l b a n d ov    

p h y s i o l o g y, domestic fow l

General, anatomy Pettingill    

General, re p ro d u c t i o n Skutch    

In c u b a t i o n St romberg    

Anatomy and physiology, St u rkie    

domestic fow l

Incubation, domestic fow l Taylor    



- years old (Walkinshaw    ; S. A. Nesbitt, Fl o r i d a
Game and Fresh Water Fish Commission, Ga i n e s v i l l e ,
Florida, personal communication), but there are
e xceptions in captivity and in the wild (see Chapter ;
Radke and Radke    ) .

Re p roduction is controlled by an i n t e g r a t e d
n e u ro e n d o c r ine system ( Kobayashi and Wada    ;
van Ti e n h oven    ; El Halawani et al.    ; Ok s c h e
   ). To use an analogy, the system functions like a
symphony orchestra. The brain and related neural
systems conduct the orchestra and the endocrine
organs, gonads, and accessory re p ro d u c t i ve organs
p roduce the music. Like the conductor’s eyes and 
ears, the bird’s visual, tactile, olfactory, auditory, and
other neural sensory elements relay enviro n m e n t a l
and body conditions, so the brain, more specific a l l y
the hypothalamus and pituitary, can contro l
re p ro d u c t i ve functions.

Light entrains endogenous physiological rhythms,
especially production and release of luteinizing
hormone releasing hormone (LHRH), to time the
re p ro d u c t i ve effort (Wi n gfield et al.    ; Wada    ;
Gwinner and Dittami    ; Farner    ; Hiatt et al.
   ). By their presence or absence, rainfall, humidity,
and a variety of other e n v i ronmental and behavioral
f a c t o r s can either induce or thwart re p ro d u c t i o n
( Marshall    a,    b; Ghosh and Banerjee    ;
Wi n gfield    ; Vleck and Priedkalns    ; Bl u h m
   a). Behavioral interactions (e.g., presence of 
mate or territorial encounters with conspecifics) lead
to increased or decreased re p ro d u c t i ve development 
( El Halawani et al.    ,    ; Ottinger    ; 
Bluhm    b ) .

Feedback mechanisms on the central nervo u s
system effecting control of re p roduction include
endocrine products from the p i t u i t a r y, target hor-
m o n e s ( f rom re p ro d u c t i ve organs), and n o n - t a r g e t
h o rm o n e s . Other feedback factors a re less understood
and include re f r a c t o ry periods, target tissue exhaus-
tion, and entrainment of endogenous rhythms . T h e
brain and pineal show obvious endogenous rhythms
while helping to control the release of inhibiting or
releasing factors in the hypothalamus (Kobayashi 
and Wada    ; Gorbman et al.    ; Ueck and 
Umar    ). The hypothalamus, deep at the base 
of the brain, acts as the re p ro d u c t i ve coord i n a t o r. 
The brain senses surrounding conditions, integrates
information from the internal milieu, and uses neural
and chemical pathways to signal the h y p o t h a l a m u s t o
turn on or off production of releasing or inhibiting
f a c t o r s (Wi n gfield    ) .

The hypothalamus is not only controlled by higher
neural centers in the brain, but also through f e e d b a c k
m e c h a n i s m s f rom within the rest of the body. T h e
hypothalamus produces the following releasing or
inhibiting factors : LHRH, thyro t ro p i n - re l e a s i n g
hormone (TRH), prolactin-inhibiting factor (PI F ) ,
somatostatin, grow t h - releasing factor (GRF), and
c o rt i c o t ro p i n - releasing factor (CRF) (Kobayashi and
Wada    ; El Halawani et al.    ; Farner    ) .
Table . p rovides the specific function, signs, and
effects of the hypothalmic and pituitary hormones
that control re p ro d u c t i o n .

The g o n a d o t ro p i n s a re produced and released in
response to LHRH (Bluhm et al.    ; Bluhm    a )
( Fig. ., Cycle ). The ratio of follicle stimulating
hormone (FSH) to luteinizing hormone (LH) re l e a s e d
f rom the pituitary in response to LHRH stimulation
differs and is dependent on the circulating levels 
of gonadal steroids (androgens, estrogens, and
p rogestins) (Cusick and Wilson    ; Davies et al.
   ; Cheng and Ba l t h a z a rt    ; Gorbman et al.
   ; Scanes    ). In a basic feedback mechanism ,
i n c re a s e d plasma levels of FSH and LH lead to
i n c reased gonadal steroid l e vels, and eventually 
( Fig. ., Cycle ) the e l e vated steroid levels decr e a s e
LHRH release (Temple    ; Pavgi and Chandola
   ; Lal and Thapliyal    ; Groscolas et al.    ;
Sharp et al.    ; Hiatt et al.    ) .

So m a t o s t a t i n , which is secreted from the 
p a n c reas and small intestine, inhibits release of 
g rowth hormone and is an important component in
c a r b o h ydrate metabolism. Arginine vasotocin and
isoleucine oxytocin (mesotocin) are produced by
n e u ro s e c re t o r y neuro n s located in the hypothalamus.
Vasotocin and oxytocin are stored in the pituitary
(posterior lobe) before release (Kobayashi and Wa d a
   ; Gorbman et al.    ) .

M a l e

The re p ro d u c t i ve system in both sexes of cranes
re g resses in the summer and fall and d e ve l o p s a g a i n
the next s p ri n g . Ge n e r a l l y, male cranes pro d u c e
s e m e n at least one year e a r l i e r than females pro d u c e
eggs. For example,  % of captive male W h o o p i n g
Cranes (  of  ) produced semen by three years of
age, but only  % of captive female Whooping Cr a n e s
( of  ) lay eggs by five years of age (Ellis et al.    ) .
A healthy, well-fed crane may be re p ro d u c t i v ely 
a c t i ve each breeding season for its e n t i re adult life
(  or more ye a r s ) .
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The crane’s re p ro d u c t i ve tract (Fig. .) re s e m b l e s
that of the domestic fowl but is larger (Johnson    a ,
   b). By locating the terminal papilla of the va s
d e f e rens in the urodeum (middle chamber of the
cloaca), one can s e x re p ro d u c t i vely active cranes. 
Male cranes possess a ru d i m e n t a ry phallus and
e j a c u l a t o ry gro ove in the cloaca; there f o re, c o p u l a t i o n
is completed by cloacal contact with the eve rted 
cloaca of the female (Gee    ) .

The crane stores s e m e n in the distal vas defere n s
and releases it when stimulated. Components of the
ejaculate (sperm, other cells, and lymph) come fro m
the seminiferous tubules within the testes, the cells
lining the vas deferens, and from the lymph folds in
the cloaca. Cranes do not produce specialized a c c e s-
s o ry seminal flu i d s like some other birds (Quay    ;

Lake    ; King    ). In the domestic chicken,
spermatids may be released into the seminifero u s
tubule lumen early in its regeneration phase. After
regeneration and early in the re p ro d u c t i ve season, 
the seminiferous tubules in most birds are full of
spermatids. Sperm cells mature from the spermatids
and a c c u m u l a t e in the much convoluted vas defere n s
b e f o re ejaculation (St u rkie    ; Lake    ; Jo h n s o n
   b). The entire process, from spermatid to sperm,
takes   to   days in domestic fowl during the 
height of the re p ro d u c t i ve season (Johnson    b). 
A spermatozoa takes one to four days to pass thro u g h
the vas deferens (Mu n ro    ). In the Japanese Qu a i l
(C o t u rnix coturnix japonica), Jones and Jackson (   )
estimated that the entire process re q u i res ca   d a y s .
For cranes, this duration is unknow n .
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Male reproductive tract. 
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F e m a l e

With increasing daylight in the spring, the ova ry
and ov i d u c t d e velop on the left side of the peritoneal
cavity (Fig. .). The ova ry contains thousands of
oocytes and several developing ova. With the chicken,
the mature oocyte, also known as the yo l k , c o n t a i n s
about  % water,  % lipid, and  % pro t e i n
(Johnson    a). As for all birds, crane ovaries contain
m o re oocytes than will ever be needed. The deve l o p-
ing ov u m is highly va s c u l a r i zed with only the central
stigma containing a lesser number of arteries and 
veins on the exterior surface. Just before ovulation, 
the stigma blanches (blood flow stops and the blood
drains out of the area), and the stigma ru p t u re s
releasing the ovum. Only a few ova are developing 

at any one time, and one is always larger than the re s t
(follicular hierarchy). Follicles that become yolk fil l e d ,
but are not ovulated, are re a b s o r b e d .

In c h i c k e n sa n dc r a n e s ,t h e e g gp ro d u c t i o nc yc l e
b e g i n sw i t ht h ee n l a r g e m e n to fs e ve r a lo o c y t e si n t o
ova ( f o l l i c u l a rm a t u r a t i o n ) . In c h i c k e n s , a d e s c e n d i n g
s i ze h i e r a rc h yi so bv i o u si nt h el a r g e s tt h re eo r f o u r
ova .T h et h re el a r g e s tf o l l i c l e s( F- F) h a ve d i f f e re n t
e n d o c r i n o l o g i c a l re s p o n s i b i l i t i e s .T h el a r g e s tf o l l i c l e
( F) p ro d u c e s p ro g e s t e ro n e a n d p ro s t a g l a n d i n s b e f o re
a n di m m e d i a t e l yf o l l ow i n g ov u l a t i o n( He rt e l e n d ye ta l .
   ; Da ya n d Na l b a n d ov    ; Poy s e ra n d Ph a r m
   ) .T h et h i rd l a r g e s tf o l l i c l e( F) p ro d u c e st h el a r g e s t
q u a n t i t i e so f e s t ro g e n s a n d re l e a s e st h eh o r m o n ei n
d a i l yc yc l e st o s u p p o rt t h eg row t ho ft h el a r g e s tf o l l i c l e
( Hu a n ge t a l .    ; K a m i yo h k ia n d Ta n a k a    ; Wa n g
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Female reproductive anatomy (Florida Sandhill Crane)

A rt Kate Spe n c e r

Em p ty Fo l l i c l e

Im m at u re Yo l k

Mat u re Yo l k

In f u n d i bu lum (13cm)

Ut e rus (Shell Gland) (17cm)

Isthmus (18cm)

Magnum (39cm)

C loac a

C o p ro d e u m

Uro d e u m

Pro c to d e u m









Vagina (5cm)



a n d Ba h r    ; Jo h n s o n    a ) .T h ee n d o c r i n o l o g i c a l
f u n c t i o n so ft h es e c o n dl a r g e s tf o l l i c l e ( F) a re i n t e r m e-
d i a t e b e t we e n F a n d F. In c r a n e s ,w h i c hl a yo n et o
t h re ee g gc l u t c h e s ( Si j u a d e    ; Wy l i e    ; Bl o s s o m
   ; s e eC h a p t e r  f o r d e t a i l s ) ,t h e s ee ve n t sm a y d i f f e r
f ro mp o u l t ry w i t hl a r g em u l t i - e g gc l u t c h e s .

Each segment of the oviduct (see Johnson    a for
details) serves a function in the process of fert i l i z a t i o n
and egg production. Sperm penetration of the ova
occurs in the infundibulum and f e rt i l i z a t i o n occurs in
the magnum. The albumen is added while the egg
passes through the m a g n u m . The inner and outer
shell membrane are added to the egg in the i s t h m u s
w h e re (in the chicken) the embryo reaches the  to 
cell stage (Patterson    ; Olsen    ; Ey a l - Giladi 
and Kochav    ; Kochav et al.    ). The egg is
completed in the shell gland or uterus where salts and
water are added to expand the egg within the shell
membranes. About three quarters of the time needed
for egg formation is spent in the shell gland. In the
chicken, the embryo has reached the blastocyst stage
containing about  ,   cells when the egg is laid.

Cranes take - days to f o rm eggs . The period
b e t ween ovulation and oviposition in Sandhill and
Red Crowned Cranes is  -  h o u r s . Sh e l l f o r m a t i o n
takes about   h o u r s and is equal to the rate of cal-
cium deposition in chickens (about    mg per hour)
(M. S. Putnam, Un i versity of Wisconsin, Ma d i s o n ,
Wisconsin, personal communication). Cranes pro-
duce one to three eggs per clutch and may pro d u c e
s e veral clutches per season if the preceding clutches
a re lost. The number of eggs produced may be
i n c re a s e d if eggs are re m oved as laid, but the clutch
i n t e rval will be less predictable. Cranes will stop pro-
ducing eggs if eggs are added to the nest (Lack    ) .

En d o c r i n o l o gy
A series of complex endocrinological and behavioral
e vents begins weeks before the production of eggs
and semen ( Fig. ., Cycle ) (Haase et al.    ; El
Halawani et al.    ,    ). The sequence for cranes
remains to be determined, but is probably similar to
those in other birds. In re p ro d u c t i vely active Sa n d h i l l
Cranes, the gonad mass and size increase, and estro-
gen and testosterone levels rise in the spring. Go n a d
weight, testosterone and estrogen increase in nonpro-
d u c t i ve adults but less than in re p ro d u c t i vely active
cranes (Tacha et.al.    ). The sequence begins with

rising levels of LHRH ( Fig. ., Cycle ) which
stimulates the release of gonadotr o p i n s (FSH and
LH) from the pituitary (Cheng and Ba l t h a z a rt    ;
Bluhm et al.    ; Scanes et al.    ; Si l verin    ;
Bluhm    a; Scanes    ). T h e re a f t e r, LHRH and
other components of the re p ro d u c t i ve cycle support
re p ro d u c t i ve development in both sexes (Fig. .). LH
c o n t rols gonadal secretion of estrogens and andro g e n s
( Na l b a n d ov    ; Mu rton and Westwood    ;
Maung and Follett    ). 

The actions of e s t rogens and andr o g e n s appear to
be the result of interactions with environmental and
social cues to induce proper sexual behavior (Cheng
   ; Hutchinson    ; Slater    ; Donham    ;
Dittami    ; Akesson and Raveling    ; Bluhm et al.
   ; Bluhm    a,    b). A n d ro g e n s , pro d u c e d
primarily by the ova ry, are important to the normal
c yclic phenomenon associated with egg pr o d u c t i o n .
The LH surge associated with ovulation is always
p receded by an androgen rise (van Ti e n h oven    ;
K a m i yoshi and Tanaka    ; Johnson    a ) .
A n d rogens may also be responsible for rank in a
female dominance hierarchy (Hohn and Cheng    ) .
A n d rogen levels in both sexes of some birds rise in
response to aggre s s i ve and territorial encounters, while
in other birds, it is the rising androgen levels which
i n c rease aggre s s i ve encounters (Ad k i n s - Regan    ;
Akesson and Raveling    ; Wada    ; Wi n gfie l d
   a,    b,    ; Wi n gfield et al.    ) .

Pro g e s t e ro n e s a re secreted by the follicles
t h roughout the re p ro d u c t i ve period. Se c retions of
p ro g e s t e rone by the pre ov u l a t o ry follicle increase fro m
a low level two to three days before ovulation to a
peak several hours after ovulation (Shahabi et al.    ;
van Ti e n h oven    ; Bahr et al.    ; Kamiyoshi and
Tanaka    ; Johnson    b). Pro g e s t e rone is impor-
tant to the g rowth and function of the o v i d u c t a n d
acts on the oviduct to i n c rease secretion of albumen .

Plasma p rostaglandins and vasotocin i n c rease to
their highest levels before ov i p o s i t i o n ( Day and
Na l b a n d ov    ; Poyser and Pharm    ; Jo h n s o n
   a ) . Pro s t a g l a n d i n sb e g i nt o r i s e i nt h e p re ov u l a t o ry
follicle about six hours before ovulation and continue
to rise in the postov u l a t o ry follicle until after ov i p o s i-
tion (van Ti e n h oven    ; Poyser and Pharm    ;
Johnson    a). Exogenous doses of pro s t a g l a n d i n s
a re potent stimulants of oviposition (He rtelendy et al.
   ; Ha r g rove and Ottinger    ). Because many
hormonal interactions in cranes are unknow n ,
h o rmone therapy is not re c o m m e n d e d w i t h o u t
e x t e n s i ve laboratory support .
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In c u b a t i o n
Cranes need about four months to complete the
nesting cycle. Nest building begins a few days before
egg production in the female crane and may start eve n
earlier in the male. The endocrine events leading to
nest building include increasing levels of FSH and
LH, estrogen, pro g e s t e rone, and prolactin (Cheng
   ,    ; Cheng and Ba l t h a z a rt    ; Bluhm et al.
   ). Males and females may both build nests if in
separate pens. Unmated wild birds may also build
nests (Gee, personal observation). When given a
choice of materials, male Sandhill Cranes at Pa t u xe n t
build coarser, looser nests than females. Nest building
often continues after egg laying if stimulated by rising
water levels. Sometimes nests become extensive ,
floating platforms. Howe ve r, if water levels rise too
r a p i d l y, Sandhill Cranes will abandon the submerged
nest (P. W. Sk yes, Jr., USFWS, Athens, Georgia, 
and S. A. Nesbitt, Florida Game and Fresh Water 
Fish Commission, Gainesville, Florida, personal
c o m m u n i c a t i o n s ) .

Both sexes incubate the eggs (Walkinshaw    ). 
In incubating birds p rolactin levels r i s e and most of
the other re p ro d u c t i ve hormone levels decline. T h e
metabolic clearance rate of some of the re p ro d u c t i ve
hormones may increase at the same time due to
i n c reases in thyroid activity (Jallageas and
Assenmacher    ; Kar and Chandola    ). Although
some feathers may be lost during the incubation
period (see Molt section in this chapter), cranes do
not develop a brood patch. Egg production normally
stops after incubation begins, howe ve r, captive
Sandhill Cranes that have been brooding chicks can
resume egg laying if a chick is re m ove d .

Crane re p ro d u c t i ve physiology has re c e i ved little
s t u d y. Years of study are necessary to understand the
unusual events that occur in captive crane colonies.

Mo l t
During m o l t, new feathers push out the old. Fi r s t ,
natal dow n is replaced or cove red by juvenal plumage.
The j u venal plumage is replaced by basic plumage
during the first fall and winter. Subsequent molts of
the basic plumage follow each year throughout the
b i rd’s life. In any one ye a r, feather molts can be com-
plete (all feathers) or incomplete (affecting cert a i n
tracts or specific feathers) (Lucas and St e t t e n h e i m
   a,    b; No o rdhuis    ) .

In cranes, contour feathers emerge during the 
first two months. First, the primary remiges (large
feathers of the hand) emerge, then the secondaries
(large feathers on the ulna, elbow, and upper arm) 
and rectrices (tail), and within the next - weeks the
body contour feathers grow, completing the juve n a l
plumage. The natal down clings to the tips of the
emerging contour feathers for a few weeks before
b reaking off (Stephenson    ). Young cranes can fly
e ven before the remiges hard e n .

Some i m m a t u re cranes need  or more years 
to completely molt all juvenal remiges (Lewis    ; 
Gee    ; Layne    ; Nesbitt    ; Kaschentseva
   ). Howe ve r, the body contours and rectrices are
p robably replaced annually. In Greater Sa n d h i l l
Cranes, all secondary remiges are replaced in 
.- year-old birds and all primary remiges in 
.- year-old birds (Lewis    ; Gee    ) .

In breeding Whooping Cranes, molt of the basic
remiges begins during the incubation period, and
most are lost in one or a few days. Breeding Sa n d h i l l
Cranes molt their remiges during incubation too, but
molt may continue for two or more months. So m e
adult Sandhill Cranes, adult Whooping Cranes, and
possibly other species may not complete their molt 
of remiges eve ry year (Lewis    ). Cranes do not
respond to exogenous hormonal treatments (pro g e s-
t e rone thyroxine, and FSH) as do waterf owl, dove s
and domestic fowl (Payne    ; Assenmacher and
Jallageas    ; van Ti e n h oven    ; Dittami    ; 
Gee    ). Howe ve r, there may be ways to induce
molt using chemical agents or lights. T h e re is some
anecdotal evidence that a sudden reduction in
a rt i ficial photoperiod can induce rapid and extensive
molt (S. Ha e f f n e r, De n ver Zoo, De n ve r, Colorado,
personal communication). The induction of molt 
on demand would be a useful management tool, 
but will re q u i re more re s e a rc h .
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Ex t e rnal Fa c t o r s
Co n t ro l l i n g Bre e d i n g
Crane re p roduction can be influenced by a variety of
factors such as stress, nutrition, disease, and photo-
period. In c reasing or long photoperiod is probably the
most influential factor and has been linked to avian
re p ro d u c t i ve periodicity since the late    ’s (Fa r n e r
   ). For re p ro d u c t i vely active Sandhill Cr a n e s ,
gonad weights and testosterone and estrogen leve l s
s h ow a positive correlation with photoperiod (Ta c h a
et al.    ). The natural photoperiod at temperate
latitudes is sufficient to breed all species of cranes in
c a p t i v i t y. Howe ve r, cranes from northern latitudes
held captive at temperate latitudes often breed more
re a d i l y, earlier, and have greater fecundity if prov i d e d
with an art i ficially lengthened photoperiod in the
early spring (Gee and Pendleton    ). By extending
photoperiod in the spring in the mid-temperature
latitude, we can bring together several enviro n m e n t a l
factors favoring re p roduction (see Chapter ) .

A variety of s t re s s o r s , such as disease, inclement
we a t h e r, moves to new pens, intraspecific conflict, and
human activities, can i n t e rf e re with the onset and
maintenance of r e p ro d u c t i o n ( Mirande et al.    

unpubl.). In birds, disturbance can cause a variety of
physiological and behavioral changes that result in
s t ress (Marshall    a,    b; Ghosh and Ba n e r j e e
   ). The most conspicuous stress effect in birds is an
e l e vation of plasma c o rt i c o s t e ro n e l e vels (Siegel    ;
Dittami    ; Deviche    ; Dufty and Wi n gfie l d
   ) and a suppression of LHRH releases (Bluhm et
al.    ) which in turn disrupt the endocrine balance
responsible for regeneration of the re p ro d u c t i ve tract,
ovulation and other re p ro d u c t i ve functions (va n
Ti e n h oven    ; Deviche    ; Ghosh and Ba n e r j e e
   ). By contrast, cyclical variations of low levels of
c o rt i c o s t e rone are essential to the ov u l a t o ry cyc l e
( Follett and Davies    ; Pe c zely and Pethes    ; va n
Ti e n h oven    ; Pe c zely    ). How stress affects the
crane re p ro d u c t i ve effort and how it can be accommo-
dated needs more study.

Co n c l u s i o n s
Although the general pattern of avian physiology
a p p l i e s to cranes, we have identified many physio-
logical mechanisms (e.g., effects of disturbance) that
need further study. Studies with cranes are expensive
c o m p a red to those done with domestic fowl because
of the c r a n e’s larger size , l ow re p ro d u c t i ve rate , and
d e l a yed sexual matur i t y.

To summarize, the crane re p ro d u c t i ve system is
composed of physiological and anatomical elements
whose function is controlled by an integrated neural-
e n d o c rine system . Males generally produce semen 
at a younger age than when females lay eggs. Eggs 
a re laid in clutches of two ( to ), and females will 
lay additional clutches if the preceding clutches 
a re re m ove d .

Both sexes build nests and incubate the eggs. 
Mo l t begins during incubation and body molt may 
be completed annually in breeding pairs. Howe ve r,
remiges are replaced sequentially over  to  years, or
a b ruptly eve ry  to  years in other species. Mo s t
i m m a t u re birds replace their juvenal remiges over a 
 to  year period.

St ress inter f e res with r e p roduction in cranes 
by reducing egg production or terminating the
re p ro d u c t i ve effort. In other birds, stress eleva t e s
c o rt i c o s t e rone levels and decreases LHRH release. 
We know little about the physiological response 
of cranes to stre s s .
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